Lensing Shear Estimators

= |ssues and the need for Estimators

= Three Basic Methods
» KSB - Kaiser, Squires, & Broadhurst 1995
» RRG - Rhodes, Refregier, & Groth 2000
» Shapelets - Refregier 2001

= Description & Evaluation

Kirsten Howley, 23 July 2003



Synopsis of Weak Lensing

= \WWeak lensing distortions are small
= ~10% for clusters
= ~2% for large scale structure

® Galaxies orient themselves in a random
nature = effects of weak lensing must
be done on statistical basis

= \WWeak lensing provides information
about the dark matter distribution, thus
providing information about the
cosmological parameters



In an i1deal world...
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There would be no PSF,
especially not anisotropic

Cosmic Rays would not strike
detectors

The perfect weight function
would always be 1

Drizzling would not “round”
Images
There would be no noise

..Gravitational lenses would

produce ideal images and we
could use simple shear
estimators



In reality...

B> . \\e have zodical noise,

' readout noise, Poisson

@ noise

% - Reducing PSFs by space-
£  based observations

§ Increases cosmic rays

8 - PSFs are anisotropic

il - Drizzling and Dithering

8 results in errors

& ...images are far from ideal

Goods Data



How do we measure the shear
In these polluted images




What's happening?

DISTANT GALAXY

DISTORTION
(due to lensing)

CONVOLUTION
(due to anisotropic PSF)

DISTORTION
(due to camera optics)

VIEWED IMAGE

Polluted Images

How can it be fixed?

VIEWED IMAGE

Measure Ellipticity

Estimate & Correct
for PSF using e

Determine Weak
Lensing Shear

RRG

Derive Distortion Matrix

Derive PSF Moments

Measure Galaxy
Moments & Correct for
Instrumental Effects

Determine Weak
Lensing Shear

I
Shapelets

Decompose Images
into set of Coefficients

Model &
Deconvolve PSF

Determine Weak
Lensing Shear



KSB

2nd Brightness Moments of the Image:

Qi-j — fdgﬂﬂaé*jf{ﬁ)ﬂf’(ﬂ)

Ellipticity: &1 = 81782, e = 50k

=€ +¢6

Shear: ~y; = €;/2

W(#) = Weighting Function
# = Location on Image
I(§) = Light at 6



The Mathematical Ease of KSB

= Although KSB

looks Let zp and 4y be the center of the galaxy
mathematically Unity, Gaussian, and Elliptical Gaussian are
: e possible weight functions
complicated, it is O 1
W)

quite simple: (0 —enco [ 20"
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function w8 =exp| ((=20)/a)*~((y=10)/8)" ]
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RRG

Multipole Moments of the Image:
= [ d*0w(9)i(6),
L; = [ d°60,0,w(6)i(6),
Lix = [ d%00,0,6,w(0)i(8), etc

Normalized: Ji; = I;; /1, Jijx = Liji /1, etc.

Ellipticity: €= {JH — Joa, 2J12}/(J11 -+ ng)

Shear: v; = G~ He;) + O(¢?)

G=2 ()~ ) ~ e )
A= (Jiinn + 201192 + Jasee) /5 (J11 + Jag)w?
p1 = (=Jun + Jzzzz)/%(Ju + Joo)w?, po = —2(J1112 + J1222)/%(J11 + Jog)w?




Shapelets

Basis Functions:

_ 2
1-dimension: ¢,(z) = [Q”W%n!} H, (z)e >
2-dimension: ¢n(X) = ¢p, (1)Pp,(x2)

Basis function: B,(X;8) = 8 1¢,(871X)

ol —

Coeflicients: fo= [ Ezxf(X)B,(X;8) (Unlensed)

_ = {fn)

Shear: ;5/’&?’& — L (f > : i=1 nq, 19 even; i=2 nq,n2 odd
mmi\J 1

f(X) = Intensity of galaxy
Simn = Shear Generator Matrix
f. = Lensed Coefficients

n



Shapelets: 2-Dimensional Basis Functions

n1=0 nz2=0 nl=1 n2=0 nl=2 n2=0 nl1=3 n2=0

0 0
-3 -5 -0 -5 -3 -5

nl=0 nZ=1 nl=1 n2=1 nil=g nz=1 nl=3 n=1

One dimensional basis function:

Fad
el
Iy

Byl 8) = [2'wbn!8] Y Ha(2)e

Two dimensional, orthonormal set:

1] 0 0
-3 -5 -3 -h -3 -5 -3 -5
nl=0 né=¢ nl=1 nZ=2 nl=Z né=2¢ nl=3 né=¢

f {12:}; Bn.(l’; ﬁ]Bm(_:E; J)) = ﬁﬂ_.lmlﬁﬂ..:ZmQ

nl=0 nz=3
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Shapelets: Deconstructed and
Reconstructed Galaxy

Crriginal Galaxy NGC 4258
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Comparison of The Methods

PURPOSE MEANS SHEAR
To use the quadrupole Uses weighted quadrupole
moments to determine the moments to measure the
KSB ellipticity statistic in order to ellipticity, removes the effect of
correct for instrumental PSF the PSF anisotropy and then Vi ~ E?J/Q
and estimate the weak lensing | computes the shear
shear
To use the source multipole Measures Oth, 2nd and 4th order
moments to correct for PSF moments using weight function,
and camera distortions, to then corrects for anisotropic PSF
RRG measure the shapes of and distortions resulting in v = G e + O(4?)
galaxies, and to estimate the corrected galaxy moments from
weak lensing shear which ellipticity and shear are
computed
To obtain reliable weak shear | Uses weighted Hermite
measurements by extracting polynomials to decompose 2-
weighted shape components, | dimensional galaxy images. The
and using those weights to weights, or coefficients, of these fln — f fn
Shapelets provide estimates of the local | functions then provide the Slmn(fm>

shear

necessary information to
measure the shear

— f fﬂ
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KSB vs. Shapelets

Comparison of shear measurement for 100 inputs to drizzle
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Conclusions

= Accurately removing the PSF is a
difficult (weighty) process

" The three methods must be tested to
determine the optimal shear estimator

= The mathematical ease of the KSB method
IS enticing

* The promise of the RRG and/or Shapelets
method to remove distortions and

convolutions thereby reducing errors is
intriguing



